Objective EIF4EBP1 acts as a crucial effector in mTOR signaling pathway. Studies have suggested that EIF4EBP1 plays a critical role in carcinogenesis. However, the clinical significance and biological role of EIF4EBP1 in hepatocellular carcinoma (HCC) have not been elucidated. Therefore, we aimed to investigate the clinical significance of EIF4EBP1 in HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most prevalent malignant tumors, ranking as the third leading cause of cancer mortality worldwide [1] . An estimated 748,300 new liver cancer cases and 695,900 cancer deaths occurred worldwide in 2008 [2] ,and half of these cases and deaths took place in China. One of the reasons for the high mortality is that most patients are asymptomatic until the cancer is so advanced that the tumor cannot be treated with radical hepatectomy. Another reason is that traditional chemotherapy and radiotherapy are not effective for HCC. Because most of HCC patients are already in advanced stages at the time of diagnosis due to lack of sensitive and specific biomarkers in the clinic, together with high incidences of metastasis and recurrence, the prognosis of HCC is very poor. Therefore, there is an urgent need to identify new and effective molecular markers for early diagnosis and prognosis prediction and to find new molecular therapeutic targets for HCC patients.
In the past decades, many genes and cellular signaling pathways have been found to be implicated in the development and progression of HCC, including activation of mTOR (mammalian target of rapamycin) signaling pathway [3] [4] [5] . mTOR pathway has been shown to promote tumorigenesis via a coordinated phosphorylation of proteins important for cell growth, survival and metabolism, including EIF4EBP1 protein that regulates translation of mRNAs involved in oncogenic processes [6, 7] . EIF4EBP1 (also known as 4EBP1) gene encodes a translation repressor protein that competitively binds to eukaryotic translation initiation factor 4E (EIF4E) to inhibit EIF4E complex assembly and thus the cap-dependent translation [8, 9] . This protein is a major substrate of mTOR and acts as a crucial effector in mTOR signaling pathway. When mTORC1 is inhibited, hypophosphorylated EIF4EBP1 binds to and sequesters EIF4E [10] . In response to activated mTOR signaling pathway, EIF4EBP1 protein is phosphorylated, resulting in its dissociation from EIF4E and consequent initiation of mRNA translation, which promoters cell growth and proliferation [11] .
Studies show that both EIF4EBP1 and EIF4E are involved in cancer development and progression. Up-regulated EIF4E plays an oncogenic role in carcinogenesis [12] . In contrast to EIF4E, EIF3A has been reported to be upregulated in various cancers but plays different roles in carcinogenesis: acts as tumor suppressor in squamous cell carcinomas and is correlated with better survival [13] [14] [15] , and acts as tumor promoter in other epithelial carcinomas [16, 17] . Altogether, of the 30 eukaryotic translation initiation factors (EIFs), some function as oncogene while some as tumor suppressor [18] .
Similarly, EIF4EBP1, as the repressor of EIF4E, also may act as tumor promoter or tumor inhibitor. In general, phosphorylated EIF4EBP1 is considered as an indicator of oncogenic activity in tumor and associated with poor survival of cancer patients [19] [20] [21] [22] , while unphosphorylated EIF4EBP1 functions as a tumor suppressor [23] [24] [25] . However, the genomic locus for encoding EIF4EBP1 is amplificated, which results in overexpression of its corresponding mRNA in breast cancer, and the overexpressed mRNA is associated with poor prognosis of the patients [26] . Subsequently, total EIF4EBP1 protein was also reported to correlate with worse survival of cancer patients [22] . Therefore, EIF4EBP1 protein may not only act as a tumor suppressor but also as an oncogene. However, although many studies on EIF4EBP1 were conducted in human hepatoma cell lines [27] [28] [29] [30] , EIF4EBP1 expression level in human HCC tissues and its clinical significance have not been reported. In this study, we studied the expression of EIF4EBP1 mRNA and protein in HCC samples and evaluated its relationship with clinical features and prognosis of HCC patients.
Materials and Methods

Patients and tissue samples
All of the HCC patients underwent curative hepatectomy between June, 2004 and December, 2007, in Sun Yat-Sen University Cancer Center. Written informed consent was obtained from all of the patients before undergoing hepatectomy, in which patients agreed to use their medical record data and tissue samples for the research. Forty fresh paired tumors and adjacent noncancerous liver (NCL) tissues not less than 2 cm away from the HCC were immediately frozen in liquid nitrogen and stored at -80°C after resection. Another 88 archival formalin-fixed paraffin-embedded (FFPE) HCC tissues were obtained from the Department of Pathology of this cancer center. All of HCC samples were confirmed pathologically. The 88 patients also signed the written consent form when they underwent surgery. The patients didn't receive any treatment before surgery, including chemotherapy and radiotherapy. Of the 88 HCC patients, 71 were men (80.68%) and 17 were women (19.32%), with a median age of 46 years (ranged from 13 to 72 years). The follow-up time ranged from 2 to 106 months with a median of 45.3 months. The characteristics of the 88 patients are listed in Table 1 and S1 
RNA extraction and quantitative real-time PCR
Total RNA was extracted from frozen fresh tissues using TRIzol reagent (Invitrogen) according to the manufacturer's instruction. Then 2 μg of total RNA were used for producing cDNA using M-MLV reverse transcriptase following the protocol provided by the manufacture (Promega, USA). Real-time PCR was performed in triplicate for each sample using an Applied Biosystems PRISM 7900HT system (Foster City, CA, USA) with a 15 μl reaction volume containing 0.5 μl cDNA, 7.5 μl of SYBR Green master mix (Invitrogen, USA) and 200 nM of each forward primer and reverse primer. GAPDH was detected by RT-PCR as an internal control.
Western blot
Of the 40 paired HCC samples, randomly selected 8 HCCs and matched NCL tissues were homogenized in a RIPA lysis buffer. After centrifugation at 12,000 rpm and 4°C for 20 minutes, approximate 40 μg of protein were run on a 12% SDS-PAGE gel and transferred to polyvinylidene difluoride membrane (PVDF, Millipore). After blocking non-specific binding sites for 60 minutes with 5% non-fat milk, membranes were incubated with rabbit monoclonal antibody against EIF4EBP1 (1:1000; Cell signaling Technology), and GAPDH (1:1000; SigmaAldrich) at 4°C over night, respectively. Then membranes were washed three times with TBST for 15 minutes each time and incubated with HRP-conjugated anti-rabbit secondary antibody (1:1000; Santa Cruz) for 45 minutes at room temperature. The membrane was developed by an enhanced chemiluminescence system (ECL; cell signaling) after washed three times with TBST. The intensity of the protein bands was determined by using Image J software (http://rsb.info.nih.gov/).
Immunohistochemical analysis
All formalin-fixed paraffin-embedded HCC specimens were sectioned (4 μm) and baked at 65°C for 2 hours, and then deparaffinized with xylene and rehydrated in decreasing concentrations of alcohol. For antigen retrieval, the sections were boiled in EDTA solution (1 mmol/L, pH 8.0) for 20 minutes in a microwave oven and then cooled to room temperature. The endogenous peroxidase was inactivated with 0.3% hydrogen peroxide for 10 minutes. After being rinsed three times in phosphate buffer saline (PBS), the sections were incubated with anti-EIF4EBP1 antibody (Cell signaling Technology) diluted in a working solution (1:100) at 4°C overnight, and then incubated with horseradish peroxidase-conjugated secondary antibody (Envision Detection Kit, GK500705, Gene Tech) at 37°C for 30 minutes. Finally, the visualization signal was developed with 3, 3'-diaminobenzidine tetrahydrochloeide (DAB) and then all of the slides were counterstained with hematoxylin, dehydrated in increasing concentrations of alcohol and cover-slipped with neutral permount. As a negative control, the primary antibody was replaced by PBS under the same experimental conditions. The expression levels of EIF4EBP1 protein in samples were quantified with semi-quantitative immunostaining score (ISS) method. Two pathologists blinded to the clinical data scored the EIF4EBP1 staining independently. The intensity of immunostaining was defined as 0-3 (0, negative; 1, weak; 2, moderate; 3, strong), and the percentage of positive immunostaining was scored as 0 to 100%. The ISS is calculated for each sample by the multiplication of the intensity score by the percentage score, which results in an ISS between 0 (no staining) and 300 (maximum staining). Based on the ISS, patients were divided into high-and low-expression groups by the median score.
Statistical analysis
To compare the relative expression levels of EIF4EBP1, the 2 -ΔΔCt was used to represent the rel- We used the Kaplan Meier method and the log-rank test to estimate overall survival (OS) and disease-free survival (DFS). The prognostic significance of each clinicopathologic characteristic was determined using univariate Cox regression analysis. Parameters that were significantly related to survival rate in the univariate analysis were entered into the multivariate analysis. We did a multivariate Cox regression analysis using a backward stepwise approach to test if EIF4EBP1 was an independent prognostic factor of OS and DFS. The significance was defined as P value less than 0.05. All statistical analyses were performed using SPSS16.0 (SPSS Inc, Chicago, IL) and/or Graph Pad Prism 5 software (www.graphpad.com).
Results
EIF4EBP1 mRNA level is up-regulated in HCC
The EIF4EBP1 mRNA level was reported to be up-regulated in some cancer types. However, the mRNA level in HCC has not been explored. To investigate the expression level of EIF4EBP1 mRNA in patients with HCC, we carried out the qRT-PCR assay in 40 paired HCC and NCL tissues. The result demonstrate higher expression of EIF4EBP1 mRNA in 60% (24/40) of HCC tissues compared with NCL tissues, and this increase is statistically significant (P = 0.044, Fig. 1A ). This result is consistent with previously reported results in other cancers [22, 26] .
The EIF4EBP1 protein is overexpression in HCC tissues
In general, higher mRNA level will lead to higher level of its encoded protein. To confirm the protein level, Western blot analysis was employed to detect the expression of EIF4EBP1 protein in 8 paired HCC and noncancerous liver tissues. As expected, the result also shows a high expression level of EIF4EBP1 protein in HCC tissues compared with the paired noncancerous liver tissues (Fig. 1B) , which is consistent with the result of qRT-PCR.
To explore the clinical significance of overexpressed EIF4EBP1 protein in HCC patients, another 88 archival formalin-fixed paraffin-embedded HCC samples were detected by immunohistochemical staining. The result shows that 53% (47/88) of HCCs exhibit high expression of EIF4EBP1 compared with the matched NCLs (Fig. 1C , and S1 Table in Supporting Information) and that EIF4EBP1 expression level in HCC is significantly higher than that in NCL (Fig. 1D) , which is similar to the percentage of high EIF4EBP1 mRNA expression in 40 HCCs, confirming EIF4EBP1 overexpression in HCC. EIF4EBP1 staining signal is mainly present in the cytoplasm (Fig. 2) and also in the nuclei of HCC cells (Fig. 2D, 2I ). We observed prominent contrast of positive staining in tumor areas and negative staining in the adjacent non-tumor tissues ( Fig. 2A, 2F ). In addition, in a number of HCC samples, well-differentiated HCCs present or weak positive staining (Fig. 2C, 2H ), moderately differentiated ones display medium positive staining (Fig. 2D, 2I) , and poorly differentiated ones show highly positive staining for EIF4EBP1 (Fig. 2E, 2J) . Overall, EIF4EBP1 protein is significantly up-regulated in HCC tissues compared with the paired NCL tissues (P < 0.001, Fig. 1B ).
EIF4EBP1 protein overexpression is associated with disease progression of HCC patients
To understand the clinical significance of EIF4EBP1 expression in HCC, patients first were divided into a high-or low-expression group based on their immunostaining scores of HCC tissue with the median staining score (210) as the cutoff. The relationship between the protein level and the clinicopathologic parameters was analyzed. Table 1 shows the correlations between EIF4EBP1 and clinicopathologic features. High EIF4EBP1 expression is significantly associated with serum AFP positive (P = 0.003), and marginally significantly associated with pathological grade (P = 0.085), tumor number (P = 0.084), tumor embolus (P = 0.084) and capsulation (P = 0.073), suggesting that EIF4EBP1 is involved in HCC progression.
EIF4EBP1 protein is an independent predictor for survival in HCC patients
To evaluate the prognostic value of EIF4EBP1 protein in HCC patients, survival curves were evaluated by Kaplan-Meier method and compared by the log-rank test. Patients with high expression of EIF4EBP1 have a significantly poorer 5-year overall survival (40.3% vs 73.6%, Fig. 3A) and 5-year disease-free survival (33.0% vs 49.0%, Fig. 3B ) than those with low expression. Univariate analysis was carried out using Cox proportional hazard model to evaluate the impact of EIF4EBP1 expression and clinicopathological features on OS and DFS in HCC Table 2) .
Multivariate Cox regression analysis demonstrate that EIF4EBP1 expression is an independent predictor of OS (HR, 2.285; 95% CI, 1.154-4.527; P = 0.018, Table 2 ) and DFS (HR, 1.901; 95% CI, 1.067-3.386; P = 0.029, Table 2 ), and other independent predictors for survival included tumor number, embolus and recurrence. 
Discussion
Up till now, the clinical significance of EIF4EBP1 expression in human HCC has not been studied. Therefore, we hypothesized that EIF4EBP1 plays an important role in development and progression of HCC. To test the hypothesis, we examined the expression of EIF4EBP1 at mRNA and protein levels in the paired HCC and NCL samples using qRT-PCR, Western blot and immunohistochemistry and then evaluated the clinical significance of its protein expression. As expected, EIF4EBP1 mRNA and protein are up-regulated in most of HCC cancer tissues compared with their corresponding NCL tissues. In immunohistochemical analysis, EIF4EBP1 protein is not only present in cytoplasm but also in the nucleus, which was in line with a previous report by Grzmil et al [31] . EIF4EBP1 protein located in the nucleus other than cytoplasm indicates that EIF4EBP1 protein may be regulated by subcellular localization or has functions in addition to repression of eIF4E during carcinogenesis. Furthermore, overexpression of EIF4EBP1 protein in HCC is significantly or marginally significantly associated with important clinical features. The relatively small sample size limits the significance for the relationship of EIF4EBP1 expression with certain important clinical features, such as pathological functions as an oncogene in HCC and may serve as a potential new molecular marker for predicting the prognosis in HCC patients after surgical resection. EIF4EBP1 is commonly regarded as a tumor suppressor because of its role in repressing translational initiation of mRNAs associated with oncogenic transformation [23] . As mentioned above, however, Karlsson and his colleagues demonstrated that EIF4EBP1 mRNA and total protein were associated with progression and poor prognosis in breast cancer [22, 26] , which is in agreement with our results in this study. The evidence provided by our study and others indicates that EIF4EBP1 potentially functions as an oncogene in some cancer types. There may be two reasons for non-phosphorylated EIF4EBP1 protein functioned as an oncogene in our study. One is that non-phosphorylated EIF4EBP1 protein is localized in nucleus, which plays a different role than that in cytoplasm; the other one is that more nonphosphorylated EIF4EBP1 protein may result in more phosphorylated EIF4EBP1 because total EIF4BP1 protein level is positively correlated with phosphorylated EIF4EBP1 protein level [22] . We also detected both EIF4EBP1 and phosphorylated EIF4EBP1 in 26 of 88 HCC samples by immunohistochemistry (data not show here), and the results show that EIF4EBP1 level also is positively correlated with phosphorylated EIF4EBP1 level (r = 0.498, P = 0.01). On the basis of the oncogenic role of EIF4EBP1 in HCC development and progression, it is possible to target both EIF4EBP1 and phosphorylated EIF4EBP1 proteins for HCC patients with EIF4EBP1 overexpression.
In conclusion, this study demonstrates for the first time that EIF4EBP1 expression is upregulated in HCC tissues at both mRNA and protein levels, and high expression of EIF4EBP1 protein indicates poor prognosis of HCC patients. Our findings suggest that EIF4EBP1 is a novel prognostic biomarker for HCC and may serve as a potential therapeutic target for HCC.
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